Binding specificity of sea anemone toxins to Nav 1.1-1.6 sodium channels: unexpected contributions from differences in the IV/S3-S4 outer loop.
Sea anemones are an important source of various biologically active peptides, and it is known that ATX-II from Anemonia sulcata slows sodium current inactivation. Using six different sodium channel genes (from Nav1.1 to Nav1.6), we investigated the differential selectivity of the toxins AFT-II (purified from Anthopleura fuscoviridis) and Bc-III (purified from Bunodosoma caissarum) and compared their effects with those recorded in the presence of ATX-II. Interestingly, ATX-II and AFT-II differ by only one amino acid (L36A) and Bc-III has 70% similarity. The three toxins induced a low voltage-activated persistent component primarily in the Nav1.3 and Nav1.6 channels. An analysis showed that the 18 dose-response curves only partially fit the hypothesized binding of Lys-37 (sea anemone toxin Anthopleurin B) to the Asp (or Glu) residue of the extracellular IV/S3-S4 loop in cardiac (or nervous) Na+ channels, thus suggesting the substantial contribution of some nearby amino acids that are different in the various channels. As these channels are atypically expressed in mammalian tissues, the data not only suggest that the toxicity is highly dependent on the channel type but also that these toxins and their various physiological effects should be considered prototype models for the design of new and specific pharmacological tools.